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SUMMARY 
The d i g i t a l  c o n t r o l  p o r t i o n  o f  a  low-cost  406-MHz COSPASISARSAT emergency 
beacon has been des igned and breadboarded a t  t h e  NASA Lewis Research C e n t e r .  
T h i s  r e p o r t  d i scusses  t h e  requ i rements  and d e s i g n  t r a d e o f f s  o f  t h e  d i g i t a l  con- 
t r o l l e r  and d e s c r i b e s  t h e  hardware and s o f t w a r e  des ign .  The d e t a i l e d  hardware 
and s o f t w a r e  d e s i g n  i s  a v a i l a b l e  t o  U n i t e d  S t a t e s  c i t i z e n s  o r  companies. 
INTRODUCTION 
I n  t h e  1970 is ,  NASA began e x p e r i m e n t i n g  w i t h  Dopp le r  t r a c k i n g  f o r  l o c a t i n g  
t e r r e s t r i a l  t r a n s m i s s i o n s .  I n  1976, t h e  search and rescue  sa te1  1  i t e  program 
became an i n t e r n a t i o n a l  e f f o r t  i n v o l v i n g  t h e  U n i t e d  S t a t e s ,  Canada, and France.  
By 1980, t h e  S o v i e t  Un ion became i n v o l v e d ,  t h u s  c r e a t i n g  t h e  C O S P A S ~  I S A R S A T ~  
program. T h i s  program i s  d i v i d e d  i n t o  two emergency beacon d e t e c t i o n  systems: 
one system des igned f o r  i n t e r a c t i o n  w i t h  a i r c r a f t  and t h e  o t h e r  system des igned  
f o r  i n t e r a c t i o n  w i t h  s a t e l l i t e s .  Both  systems a r e  c u r r e n t l y  o p e r a t i o n a l  
( r e f .  1 ) .  
'Emergency t r a n s m i t t e r s  des igned f o r  i n t e r a c t i o n  w i t h  a i r c r a f t  were d e v e l -  
oped f i r s t .  These t r a n s m i t t e r s  have a l s o  been used w i t h  s a t e l l i t e s .  A  beacon 
w i t h  a  c h a r a c t e r i s t i c  a u d i o  s i g n a l  t r a n s m i t t e d  a t  121.5 o r  243 MHz can be 
l o c a t e d  t o  w i t h i n  20 km (12 m i ) .  However, t hese  emergency t r a n s m i t t e r s  must 
be w i t h i n  a  3220-km (2000-mi> r a d i u s  o f  a  ground t e r m i n a l  i n  o r d e r  t o  be 
r e c e i v e d  . 
A  ma jo r  prob lem wi t h  t h e  121 .5/243-MHz t ransmi  t t e r s  has been t h e  1  a rge  
number o f  " f a l s e  a la rms"  caused by u n i n t e n t i o n a l  a c t i v a t i o n  and by  equipment 
f a i l u r e .  P r e s e n t l y ,  t h e  o n l y  way t o  t r a c k  down f a l s e  a larms i s  t o  send o u t  a  
rescue  f o r c e  t o  i n v e s t i g a t e .  T h i s  can become q u i t e  expens ive.  
A  second system, u s i n g  406-MHz t r a n s m i s s i o n ,  has been des igned s p e c i f i -  
c a l l y  f o r  use w i t h  s a t e l l i t e s .  T h i s  system p r o v i d e s  t h e  f o l l o w i n g  improvements 
o v e r  t h e  121.51243-MHz system: g l o b a l  m o n i t o r i n g ,  l o c a t i o n  d e t e r m i n a t i o n  t o  
w i t h i n  5 km ( 3 . 1  m i  l e s ) ,  and a  b e a c o n - s p e c i f i c  message. Because each beacon- 
s p e c i f i c  message c o n t a i n s  a  u s e r  i d e n t i f i c a t i o n  code, f a l s e  a larms can be 
q u i c k l y  t r a c k e d  by c o n t a c t i n g  t h e  beacon u s e r .  I f  t h e  u s e r  can be c o n t a c t e d ,  
t h e  t r a n s m i s s i o n  i s  o b v i o u s l y  a  f a l s e  a la rm.  
~ C O S P A S  i s  t h e  Space System f o r  Search o f  Vesse ls  i n  D i s t r e s s  ( t r a n s l a -  
t i o n  f r o m  Russ ian) .  
2~~~~~~ i s  t h e  Search and Rescue Sate1 1  i te -A ided  T r a c k i n g  System. 
Three classes of 406-MHz emergency beacons exist: the emergency locator 
transmitters (ELT's), emergency position indicating radio beacons (EPIRBts), 
and personal locator beacons (PLB's). ELT's and EPIRB1s are readily available. 
PLB1s are available only on a limited basis. Presently, each class of emer- 
gency beacon must meet the same operational and environmental specifications. 
ELT1s are packaged for use on aircraft (i.e., manual or crash activation), 
EPIRB's are packaged for use on maritime vessels (i.e., waterproof, floats, 
manual or water activation), and PLB's are packaged for use by campers, back- 
packers, and recreational boaters (i.e., small and easy to carry). 
NASA is attempting to stimulate technological advances in a number of 
areas in order to reduce dramatically the cost of the 406-MHz beacons. Since 
Apri 1 1986 the minimum cost for an EPIRB or ELI has been approximately ~ ~ $ 1 5 0 0 .  
This is considered too high to mandate that all commercial shipping, large rec- 
reational boats, and aircraft carry 406-MHz beacons. NASA would like to bring 
the cost down to US$300 to US$500 per unit in production quantities. 
The 406-MHz beacon can be divided into seven subsystems: digital control- 
ler, ultrastable oscillator, oscillator-multiplier chain, modulator, amplifier, 
antenna, and battery (fig. 1). The items that require technology advancements 
in order to meet the international specifications and remain low in cost are 
the oscillator, modulator, amplifier, and battery. The digital controller has 
been developed using present technology. A discussion of the digital control- 
ler design follows. 
REQUIREMENTS 
The following are general requirements for the 406-MHz beacon digital con- 
troller. It must be able to 
(1) Control power to the oscillator and amplifier 
(2) Turn the 121.5-MHz beacon ONIOFF 
(3) Generate both long and short messages with the characteristics 
illustrated in tables I to I11 
( 4 )  Generate 21 Bose-Chaudhuri-Hocquenghem (BCH) error-correcting bits 
by using a BCH (82,611 code 
(5) Transmit the carrier for 160 msec +1 percent 
(6) Transmit the message in a Biphase-L format at a bit rate of 400 bps 
21 percent (fig. 2)  
( 7 )  Transmit the message every 50 sec with a jitter of +2.5 sec to avoid 
the synchronization of any two transmitters 
(8) Provide asynchronous communication capability through an RS-232- 
type port 
( 9 )  Provide self-test capabi 1 i ty 
(10)  Determine whether t h e  beacon was a c t i v a t e d  manua l l y  or a u t o m a t i c a l l y  
(11) Determine emergency code ( t a b l e s  I V  and V )  
D e t a i l e d  r e q u i r e m e n t s  f o r  t h e  406-MHz emergency beacon a r e  d e s c r i b e d  i n  
r e f e r e n c e  2. 
HARDWARE DESIGN 
The genera l  g u i d e l i n e s  f o r  t h e  o v e r a l l  beacon, i n c l u d i n g  t h e  d i g i t a l  
c o n t r o l l e r ,  were low c o s t ,  low p a r t s  count ,  and, i f  p o s s i b l e ,  l ow  power, 
because t h e  beacon i s  powered by  a  b a t t e r y .  Upon r e v i e w i n g  t h e  o p e r a t i o n a l  
r e q u i r e m e n t s  and f o r m u l a t i n g  a  s a l e s  and l i c e n s i n g  s c e n a r i o ,  a  s imp le  t h r e e -  
c h i p  d e s i g n  was deve loped u s i n g  an 80C51 m i c r o c o n t r o l l e r ,  a  256x4 PROM, and a  
1Kx4 PROM ( f i g .  3 ) .  
The 80C51 m i c r o c o n t r o l l e r  has 4K o f  on-board PROM, 128 b y t e s  o f  on-board 
RAM, two i n t e r n a l  t i m e r s ,  and a  t r a n s m i t  and r e c e i v e  p o r t  f o r  asynchronous com- 
m u n i c a t i o n s .  I t  a l s o  meets t h e  406-MHz beacon tempera tu re  r e q u i r e m e n t s .  The 
4K o f  PROM and 128 b y t e s  of  RAM a r e  more t h a n  adequate t o  h o l d  t h e  s o f t w a r e .  
One t i m e r  i s  used t o  genera te  t h e  t r a n s m i s s i o n  b i t  r a t e  w h i l e  t h e  o t h e r  t i m e r  
generates  t h e  asynchronous communicat ion baud r a t e .  The 80C51 p r o v i d e s  t h e  
necessary  s i g n a l s  f o r  r e a d i n g  t h e  two PROM's as w e l l  as p r o v i d i n g  up t o  24 
i n p u t l o u t p u t  p o r t s  and 2  e x t e r n a l  i n t e r r u p t s  ( f i g s .  4  and 5, and r e f .  3 ) .  
The 256x4 PROM i s  used f o r  s t o r i n g  b e a c o n - s p e c i f i c  d a t a  ( i . e . ,  u s e r  I D ,  
c o u n t r y  code, e t c . ) .  Hav ing t h e  b e a c o n - s p e c i f i c  i n f o r m a t i o n  s t o r e d  on a  PROM 
a l l o w s  f o r  easy, i n e x p e n s i v e  programming o f  i n d i v i d u a l  beacons. 
The 1Kx4 PROM i s  us?d t o  encode s w i t c h  s e t t i n g s  which s p e c i f y  t h e  emer- 
gency code. Hav ing t h e  ?ROM encode t h e  s w i t c h  s e t t i n g s  a l l o w s  t h e  s w i t c h  t o  
be s imp le  and i n e x p e n s i v e ,  thus  i n c r e a s i n g  t h e  r e l i a b i l i t y  o f  t h e  o v e r a l l  c i r -  
c u i t .  A l s o ,  by u s i n g  a  PROM, t h e  same c i r c u i t  can genera te  any 4 - b i t  emergency 
code. 
I n  o r d e r  t o  e l i m i n a t e  t h e  need f o r  e x t r a  i n t e g r a t e d  c i r c u i t s  ( I C ' s ) ,  t h e  
hardware d e s i g n  has an unusual  a d d r e s s i n g  imp lementa t ion .  I n  o r d e r  t o  e l i m i -  
n a t e  t h e  need f o r  mu1 t i p l e x i n g  t h e  PROM enab le  s i g n a l ,  b o t h  PROM's a r e  always 
r e a d  t o g e t h e r .  Each PROM uses a  4 -b i t -w ide  d a t a  bus. Two PROM's a r e  p u t  i n  
p a r a l l e l  t o  f o r m  an 8 - b i t  d a t a  bus compat ib le  w i t h  t h e  80C51. The 80C51 
a d d r e s s i n g  system expec ts  t h e  lower  8  o f  16 address b i t s  t o  be l a t c h e d  d u r i n g  
each r e a d l w r i t e  c y c l e  because t h e  l o w e r  8  address b i t s  and t h e  d a t a  bus a r e  
m u l t i p l e x e d .  I n  o r d e r  t o  e l i m i n a t e  an I C  f o r  l a t c h i n g ,  t h e  beacon-spec i f i c  
d a t a  PROM i s  addressed u s i n g  t h e  upper 8  address b i t s .  
SOFTWARE DESIGN 
The main program c o n s i s t s  o f  an i n t e r r u p t  h a n d l i n g  r o u t i n e  and t h e  f o l l o w -  
i n g  ma jo r  modules: i n i t i a l i z a t i o n  o f  t h e  CPU, RS-232 communicat ions,  message 
g e n e r a t i o n ,  Biphase-L t r a n s m i s s i o n ,  and j i t t e r  d e l a y  ( f i g .  6 ) .  The main pro-  
gram and t h e  RS-232 communicat ion module a r e  w r i t t e n  i n  a  h i g h - l e v e l  language 
( I n t e l ' s  PLM). Because of  t h e  ex t r eme l y  d e t a i l e d  b y t e  and b i t  m a n i p u l a t i o n  
i n v o l v e d  i n  the  rema in ing  modules, t h e y  a re  w r i t t e n  i n  assembly language. 
COMMUNICATION MODULE 
The communication module i s  w r i t t e n  f o r  asynchronous RS-232 communications 
a t  110 baud. I n  o r d e r  t o  s i m p l i f y  t h e  p r o o f  o f  concept so f tware ,  a l l  c r i t i c a l  
t i m i n g  modules were w r i t t e n  around a  machine c y c l e  t ime  o f  1  msec, which 
r e q u i r e s  a  12-MHz c r y s t a l  ( r e f .  3 ) .  Because t he  communication module was 
implemented l a s t  and a l l  p rev i ous  t i m i n g  was based on a  12-MHz c r y s t a l ,  t he  
110-baud r a t e  was t he  o n l y  s tandard r a t e  t h a t  cou ld  be generated by t h e  80C51 
baud-rate genera to r  c i r c u i t s .  The baud r a t e  cou ld  e a s i l y  be m o d i f i e d  by chang- 
i n g  t h e  o s c i l l a t o r  and s l i g h t l y  m o d i f y i n g  t he  so f tware .  A commerc ia l l y  manu- 
f a c t u r e d  406-MHz emergency beacon would p robab l y  opera te  a t  1200, 4800, o r  
9600 baud ( r e f s .  4  t o  6 ) .  
The f o l l o w i n g  a re  v a l i d  commands: ECHO, TEST, RUN, and LONGITUDE and 
LATITUDE. The ECHO command causes t h e  ECHO f l a g  b i t  t o  t o g g l e .  The ECHO b i t  
i n d i c a t e s  whether o r  n o t  t he  system shou ld  echo cha rac te r s  back t o  t h e  t e rm ina l  
o r  t h e  computer. ECHO i s  used m a i n l y  t o  debug the  communications and t o  a1 low 
f o r  o p e r a t i o n  w i t h  a  t e r m i n a l  t h a t  does n o t  echo cha rac te r s  t o  i t s e l f .  The RUN 
command causes t he  RUN f l a g  b i t  t o  be s e t .  A RUN b i t ,  when se t ,  t e rm ina tes  the  
communications r o u t i n e  a l l o w i n g  message gene ra t i on  and t r ansm iss i on  t o  beg in .  
The TEST command i n i t i a t e s  t h r e e  separa te  t e s t s :  t he  80C51 t e s t ,  t h e  d a t a  PROM 
t e s t ,  and the  sw i t ch  PROM t e s t .  The 80C51 and da ta  PROM t e s t s  a re  checksum. 
t e s t s .  A c a l c u l a t e d  checksum i s  compared w i t h  t he  expected checksum t h a t  i s  
s t o r e d  i n  t he  l a s t  l o c a t i o n  o f  t h e  80C51 ROM and t h e  l a s t  two l o c a t i o n s  o f  t he  
da ta  PROM. If the  t e s t  i s  successfu l ,  a  t e s t  f l a g  b i t  i s  s e t .  The s w i t c h  da ta  
PROM i s  t e s t e d  by p l a c i n g  t h e  s w i t c h  i n  t h e  t e s t  p o s i t i o n  and comparing t h e  
va lue  read  w i t h  the  expected va lue .  A checksum t e s t  cannot be per formed on t h e  
s w i t c h  PROM because t h i s  PROM cannot be addressed f r o m  t h e  80C51. Upon comple- 
t i o n  o f  t he  t e s t ,  the  80C51 r e t u r n s  an ASCII va lue  t o  t h e  computer o r  t e r m i n a l  
( t a b l e  V I ) .  The LONGITUDE and LATITUDE command i s  used t o  e n t e r  l o n g i t u d e  and 
l a t i t u d e  i n f o r m a t i o n  i n t o  t he  80C51 ( t a b l e  V I I ) .  Execu t ion  o f  t h e  LONGITUDE 
and LATITUDE command causes t h e  l o n g i t u d e  and l a t i t u d e  i n f o r m a t i o n  t o  be prop- 
e r l y  f o rma t t ed  and s t o r e d  i n  t he  l o n g  message p o r t i o n  o f  t h e  80C51 RAM. 
Use o f  the  RS-232 communication p o r t  r e q u i r e s  a  5-V power l i n e  t o  m i n i -  
mize t he  d r a i n  on the  beacon 's  b a t t e r y .  Immediate ly  a f t e r  t he  beacon i s  
powered on, t he  e x t e r n a l  power i n p u t  i s  t e s t e d .  If e x t e r n a l  power i s  be ing  
supp l i ed ,  t he  communication module i s  c a l l e d ;  o the rw i se ,  t h e  communication mod- 
u l e  i s  bypassed and message gene ra t i on  and t r ansm iss i on  beg in .  The two ways o f  
e x i t i n g  t he  communication l oop  a re  by execu t i ng  a  RUN command o r  by removing 
t he  e x t e r n a l  power. When t he  e x t e r n a l  power (RS-232 connec to r )  i s  removed, 
t he  b a t t e r y  power takes ove r .  Removing t h e  e x t e r n a l  power causes an e x t e r n a l  
i n t e r r u p t  which se ts  t h e  RUN f l a g  b i t ,  the reby  caus ing an e x i t  f r om  t h e  commu- 
n i c a t i o n  module. 
MESSAGE GENERATOR MODULE 
The message genera to r  module per forms two major  f u n c t i o n s :  f i r s t ,  i t  
generates t he  21 BCH e r r o r - c o r r e c t i n g  b i t s ,  and second, i t  p laces  t h e  beacon- 
s p e c i f i c  i n f o r m a t i o n  and emergency code i n f o rma t i on  i n t o  t h e  p roper  l o c a t i o n s  
w i t h i n  t h e  f i r s t  112 b i t s  o f  t he  message. The BCH encoding r o u t i n e  i s  per -  
formed before t he  f u l l  112 -b i t  message i s  f o rma t t ed .  Th is  i s  done t o  conserve 
RAM by u t i  1 i z i n g  b i t s  1 t o  24 f o r  temporary s to rage .  A f t e r  t h e  21 BCH encod- 
i n g  b i t s  a re  generated, t he  s h o r t  message i s  e a s i l y  cons t ruc ted  u s i n g  genera l  
assembly code commands ( i . e . ,  SHIFT, ROTATE, AND, OR, XOR, and o t h e r s ) .  
The BCH (82.61) i s  a shortened f o rm  o f  t he  BCH (127,106) t r i p l e  e r r o r -  
c o r r e c t i n g  code ( r e f s .  7 t o  9). Since t he  BCH code i s  a c y c l  i c a l  code, i t  can 
be e a s i l y  implemented i n  hardware by u s i n g  a 2 1 - b i t  s h i f t  r e g i s t e r  ( f i g .  7 )  o r  
i n  so f tware  by u s i n g  software- implemented s h i f t  r e g i s t e r s .  S h i f t  r e g i s t e r s  o f  
any l e n g t h  can be generated i n  so f tware  by u s i n g  ROTATE w i t h  CARRY commands 
a c t i n g  on p r e v i o u s l y  reserved  cont iguous by tes  of RAM. The BCH (82,61) encod- 
i n g  a l g o r i t h m  ( f i g .  8)  uses t h e  f o l l o w i n g  two software- implemented s h i f t  r e g i s -  
t e r s :  a 61 -b i t  da ta  r e g i s t e r  and a 2 1 - b i t  code word r e g i s t e r .  Before e n t e r i n g  
t he  BCH encoding loop,  a s torage r e g i s t e r  i s  i n i t i a l i z e d  t o  a count  o f  62. The 
l oop  counter  i s  decremented and t e s t e d  f o r  ze ro .  A f t e r  a l l  61 da ta  b i t s  have 
passed through t h e  encoder, t h e  loop  coun te r  i s  zero,  s i g n i f y i n g  t h a t  t h e  en- 
cod ing  i s  complete.  I f  the  l oop  coun te r  i s  n o t  ze ro ,  t he  i n f o r m a t i o n  i n  t h e  
da ta  r e g i s t e r  i s  r o t a t e d  so t h a t  b i t  0 becomes b i t  60, b i t  1 becomes b i t  0, 
e t c .  A f t e r  r o t a t i n g  t he  da ta  r e g i s t e r ,  da ta  b i t  60 and code b i t  20 a re  
exclusive-0Red and saved as a temporary code b i t .  The code r e g i s t e r  i s  s h i f t e d  
so t h a t  code b i t  19 becomes code b i t  20, code b i t  18 becomes code b i t  19, e t c .  
The temporary code b i t  becomes code b i t  0.  S ince 0 exclusive-0Red w i t h  any 
cons tan t  i s  t h a t  cons tan t ,  i f  the  temporary code b i t  i s  0,  then  program execu- 
t i o n  r e t u r n s  t o  t h e  beg inn ing  o f  t h e  BCH encoding loop.  I f  the  temporary code 
b i t  i s  1, the 2 1 - b i t  code word i s  exclusive-0Red w i t h  t he  BCH encoding po lyno-  
m i a l  be fo re  r e t u r n i n g  t o  the  beg inn ing  o f  t he  BCH encoding loop .  Table V I I I  
shows an example o f  t h e  BCH encoding a l g o r i t h m  f o r  t he  t h r e e  d a t a  b i t s .  
BIPHASE-L TRANSMISSION MODULE 
The Biphase-L t r ansm iss i on  module c o n t r o l s  t h r e e  modulator  s i g n a l s  t h a t  
determine the  phase o f  t he  t r a n s m i t  RF s i g n a l :  0 r a d  f o r  t h e  c a r r i e r ,  
+1.1 r ad ,  and -1.1 r a d  ( f i g .  2 ) .  The module i s  composed o f  a message r o t a t i o n  
loop  and f o u r  separate  de lay  loops t h a t  account f o r  c a r r i e r  and b i t  r a t e  t i m i n g  
ad justments  ( f i g .  9 ) .  The program f i r s t  t e s t s  f o r  a l ong  o r  s h o r t  message f o r -  
mat. I f  a s h o r t  message i s  t o  be t r a n s m i t t e d ,  t he  end-of-message address i s  
s e t  f o r  a 14-byte message, and t he  l o o p  coun te r  va l ue  f o r  t h e  t h i r d  de lay  l o o p  
i s  s e t  t o  compensate f o r  r o t a t i o n  o f  a 14-byte message. I f  a l ong  message i s  
t o  be t r a n s m i t t e d ,  t he  end-of-message address i s  s e t  f o r  an 18-byte message, 
and the  loop  coun te r  va lue  f o r  t he  t h i r d  de lay  loop  i s  s e t  t o  compensate f o r  
r o t a t i o n  o f  an 18-byte message. A f t e r  i n i t i a l i z i n g  t he  end-of-message address 
and the  loop  coun te r  va l ue  used i n  t he  t h i r d  de lay  loop,  the  c a r r i e r  i s  t u rned  
ON, and the  first de lay  loop  i s  executed. Th is  de lay  l oop  a d j u s t s  f o r  160 msec 
minus t he  amount o f  t ime  i t  takes t o  r o t a t e  t he  message and beg in  the  Biphase-L 
t ransmiss ion  loop. Note t h a t  the  21  pe rcen t  va r iance  i n  t he  c a r r i e r  s p e c i f i c a -  
t i o n  means the de lay  loop  does n o t  have t o  compensate f o r  l ong  o r  s h o r t  message 
r o t a t i o n .  The message t r ansm iss i on  l oop  i s  en te red  w h i l e  t h e  c a r r i e r  i s  s t i l l  
be i ng  t r a n s m i t t e d .  The message t r ansm iss i on  l o o p  begins by t e s t i n g  t o  see i f  
t h e  e n t i r e  message has been t r a n s m i t t e d .  I f  i t  has no t ,  t he  e n t i r e  message i s  
r o t a t e d  so t h a t  t he  l a s t  message b i t  becomes t he  second l a s t  message, con t i nu -  
i n g  u n t i l  t he  second message b i t  becomes t h e  f i r s t  message b i t ,  and t he  first 
message b i t  becomes t he  l a s t  message b i t .  The f i r s t  message b i t  i s  a l s o  t r ans -  
m i t t e d  f o r  h a l f  t h e  b i t  t ime (1.250 msec) by s e t t i n g  e i t h e r  t h e  +1.1- o r  t h e  
-1.1-rad c o n t r o l  l i n e ,  depending on whether t he  f i r s t  message b i t  i s  1  o r  0, 
r e s p e c t i v e l y .  The t i m i n g  f o r  t h i s  i s  c o n t r o l l e d  by t he  second de lay  loop .  The 
Biphase-L t ransmiss ion  i s  implemented by t o g g l i n g  t he  +1.1- and -1.1-rad con- 
t r o l  l i n e s  and t r a n s m i t t i n g  t h e  second h a l f  of t he  f i r s t  message b i t .  The 
t h i r d  de lay  loop  i s  executed nex t .  Th i s  de lay  loop  compensates f o r  t he  
1.250 msec t ransmiss ion  t ime minus t he  t ime i t  takes t o  t e s t  f o r  t h e  end o f  
t he  message and t o  r o t a t e  th rough  e i t h e r  t h e  l ong  o r  s h o r t  message. Note t h a t  
bo th  the  l ong  and the  s h o r t  message must be accounted f o r  i n  t h e  t h i r d  de lay  
l oop  because t he re  i s  n o t  enough marg in  i n  t he  t r ansm iss i on  t ime  s p e c i f i c a t i o n s  
t o  i gno re  the  e x t r a  f o u r  r o t a t i o n s  necessary f o r  l ong  messages. A f t e r  t he  
t h i r d  de lay  loop  i s  completed, t h e  program r e t u r n s . t o  t he  beg inn ing  o f  the  
t r ansm iss i on  loop  where t he  end-of-message t e s t  i s  executed. Even though t he  
end-of-message t e s t  may i n d i c a t e  t h a t  t h e  e n t i r e  message was t r a n s m i t t e d ,  t h e  
l a s t  h a l f  o f  t he  l a s t  b i t  o f  t he  message i s  s t i l l  be i ng  t r a n s m i t t e d .  There- 
f o r e ,  a  f o u r t h  de lay  l oop  i s  necessary t o  compensate f o r  t he  1.250 msec minus 
t h e  end-of-message t e s t  and t he  t ime  i t  takes t o  t e rm ina te  t r ansm iss i on .  
JITTER DELAY MODULE 
The j i t t e r  de lay  module ( f i g .  10) te rm ina tes  message t r ansm iss i on ,  con- 
t r o l s  t h e  power t o  t h e  a m p l i f i e r ,  modulator ,  and homing beacon ( i f  one e x i s t s ) ,  
and c rea tes  a  47.5- t o  52.5-sec de lay  between message t r ansm iss i ons .  Upon 
e n t e r i n g  t he  j i t t e r  de l ay  module, t h e  message t r ansm iss i on  i s  t e rm ina ted ,  t h e  
a m p l i f i e r  and modulator  power a re  b o t h  t u rned  OFF, and t h e  homing beacon i s  
t u rned  ON. The a m p l i f i e r  and modulator  power a re  t u rned  ON and t h e  homing 
beacon i s  tu rned  OFF be fo re  e x i t i n g  t h i s  module. The 47.5- t o  52.5-sec de lay  
i s  c rea ted  by gene ra t i ng  a  47.5-sec de lay  and a  0- t o  5-sec de lay  u s i n g  t he  
r o u t i n e  shown i n  f i g u r e  11. The 0- t o  5-sec random j i t t e r  i s  c rea ted  by u s i n g  
an address p o i n t e r  t o  sequence f r om b y t e  4  th rough  14 o f  t he  t r ansm iss i on  mes- 
sage ( t h e  beacon-spec i f ic  i n f o r m a t i o n )  and l o a d i n g  t h e  t im ing - l oop  coun te r  w i t h  
t h e  by te  o f  i n f o r m a t i o n  p o i n t e d  t o  by t he  address p o i n t e r .  
ADDITIONAL COMMENTS 
Since t he  p resen t  406-MHz beacon b a t t e r i e s  a re  s i zed  t o  accommodate t h e  
power d r a i n  o f  t he  RF a m p l i f i e r ,  t h e  power d r a i n  o f  t he  d i g i t a l  c i r c u i t s  i s  
i n s i g n i f i c a n t .  Because t h i s  may n o t  be t h e  case i n  t h e  f u t u r e ,  t h e  d i g i t a l  
c o n t r o l l e r  i s  implemented w i t h  power conse rva t i on  i n  mind. A l l  t i m i n g  de lays  
a re  implemented us i ng  t he  i n t e r n a l  t i m e r s  a v a i l a b l e  on t h e  80C51 and t he  
s o f t w a r e - i n i t i a t e d  " i d l e  mode" c a p a b i l i t y  o f  t h e  80C51. When i n  t he  i d l e  mode, 
t h e  80C51 CPU i s  i n a c t i v e  w h i l e  a t  t he  same t ime t he  on-ch ip  p e r i p h e r a l s  and 
coun te rs  remain a c t i v e .  The i d l e  mode te rmina tes  when any enabled i n t e r r u p t  i s  
r ece i ved  o r  by a  hardware r e s e t .  I n  t h e  case o f  t he  t i m i n g  de lays ,  t h e  i d l e  
mode te rmina tes  when t he  i n t e r n a l  coun te r  ove r f l ows .  A d e t a i l e d  d i s c u s s i o n  o f  
t he  i d l e  mode i s  a v a i l a b l e  f r om  re fe rence  3 .  
The 406-MHz d i s t r e s s  beacon so f tware  des ign  has been w r i t t e n  s p e c i f i c a l l y  
f o r  t he  User P ro toco l  message f o rma t  ( t a b l e  111). The so f tware  can e a s i l y  be 
m o d i f i e d  t o  accommodate t he  Mar i  t i m e I L o c a t i o n  p r o t o c o l  ( t a b l e  11) w i t h  a lmost  
a l l  m o d i f i c a t i o n  r e s i d i n g  i n  the  communication r o u t i n e s .  
For a  number o f  reasons, i t  appears r a t h e r  i m p r a c t i c a l  t h a t  t h e  communica- 
t i o n  r o u t i n e s  would be used i n  t he  p resen t  406-MHz environment when t h e  User 
Pro toco l  fo rmat  i s  used. F i r s t ,  t h e  communication r o u t i n e s  a re  necessary o n l y  
when t he  l ong  message fo rmat  i s  used. For the  User P ro toco l ,  the  l o n g  message 
con ta i ns  l o n g i t u d e  and l a t i t u d e  i n f o r m a t i o n  t h a t  i s  redundant i n f o r m a t i o n  
because t he  l o n g i t u d e  and l a t i t u d e  a re  be ing  determined by t he  s a t e l l i t e  
through t he  use of Doppler t r a c k i n g .  Second, if the  c a p a b i l i t y  e x i s t s  t o  
i n p u t  l o n g i t u d e  and l a t i t u d e  i n f o r m a t i o n  i n t o  an EPIRB o r  ELT over  an asynchro- 
nous communi c a t i o n  1 i nk d u r i  ng an emergency, t he  capabi 1 i t y  most p robab l y  a1 so 
e x i s t s  t o  s imp ly  r a d i o  f o r  he lp .  T h i r d ,  EPIRB's, i n - p a r t i c u l a r ,  would be much 
more expensive t o  manufacture when asynchronous communication c a p a b i l i t y  i s  
inc luded .  The inc reased  expense would be assoc ia ted  a lmost  e n t i r e l y  w i t h  t he  
connector .  The connector  would have t o  be r e l i a b l e ,  w i t hs tand  c o r r o s i o n ,  and 
be ab le  t o  separate  e a s i l y  and r e l i a b l y  f r om  the  EPIRB when the  vessel  i s  s i nk -  
i ng .  A l so ,  some a d d i t i o n a l  c i r c u i t r y  would be r e q u i r e d  i n  o r d e r  t o  s w i t c h  
between e x t e r n a l  power and b a t t e r y  power. 
An EPIRB t h a t  uses t he  Ma r i t ime ILoca to r  P ro toco l  must have asynchronous 
communication c a p a b i l i t y  because the  u s e r - s p e c i f i c  da ta  p o r t i o n  o f  t he  message 
con ta i ns  t he  l o n g i t u d e  and l a t i t u d e  i n f o r m a t i o n ,  and t he  l ong  message p o r t i o n  
o f  the  message con ta i ns  t he  t ime,  course,  and speed o f  the  vesse l .  A l l  o f  t h i s  
i n f o rma t i on  must be p rov i ded  from an e x t e r n a l  source through t he  asynchronous 
communication p o r t .  
I n  t he  f u t u r e ,  geos ta t i ona ry  s a t e l l i t e s  may be used f o r  d e t e c t i o n  o f  
emergency beacons. The advantage o f  t h e  g e o s t a t i o n a r y  s a t e l l i t e s  ove r  t h e  
p r e s e n t l y  used p o l a r - o r b i t i n g  s a t e l l i t e s  i s  t h a t  geos ta t i ona ry  s a t e l l i t e s  o f f e r  
cont inuous immediate g l oba l  coverage, whereas p o l a r - o r b i t i n g  s a t e l l i t e s  r e c e i v e  
emergency t r ansm iss i on  f o r  o n l y  15 min every  few hours .  I f  g e o s t a t i o n a r y  
s a t e l l i t e s  a re  used f o r  d e t e c t i o n  o f  emergency beacons, asynchronous communica- 
t i o n  capabi 1 i t y  would 'be r equ i r ed .  Geos ta t ionary  sate1 1 i t e s  do n o t  pe rce i ve  
Doppler s h i f t  as do p o l a r - o r b i t i n g  s a t e l l i t e s ;  t h e r e f o r e ,  i t  i s  necessary f o r  
an emergency beacon t o  t r a n s m i t  i t s  l o c a t i o n  t o  a g e o s t a t i o n a r y  s a t e l l i t e .  
CONCLUDING REMARKS 
The d i g i t a l  c o n t r o l  p o r t i o n  f o r  a 406-MHz emergency beacon has been 
designed, breadboarded, and t es ted .  The hardware was designed t o  have a low 
p a r t s  count  and t o  be s imple,  r e l i a b l e ,  and inexpens ive .  The hardware and 
t h r e e  major so f tware  r o u t i n e s  (BCH encoding, Biphase-L t r ansm iss i on ,  and J i t t e r  
Delay)  a re  gene r i c  t o  any 406-MHz beacon. A l though t he  so f tware  was designed 
t o  use t he  User P ro toco l  format,  i t  can e a s i l y  be m o d i f i e d  t o  accommodate any 
e x i s t i n g  o r  f u t u r e  message fo rmats .  
The work descr ibed  i n  t h i s  paper was performed i n  suppor t  o f  t h e  SARSAT 
program a t  t he  NASA Lewis Research Center i n  coope ra t i on  w i t h  t he  NASA Goddard 
Space F l i g h t  Center .  Ques t ions  and comments concern ing t he  d i g i t a l  c o n t r o l  
des ign should  be addressed t o  t he  NASA Lewis Research Center ,  Space E lec t r on -  
i c s  D i v i s i o n .  Ques t ions  and comments concern ing  t he  COSPAS/SARSAT program 
should  be addressed t o  the  NASA Goddard Space F l i g h t  Center .  
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TABLE I. - GENERAL 406-MHz MESSAGE FORMAT 
[From re f .  2.3 
TABLE 11. - UNIQUE DATA I N  406-MHz MESSAGE FOR MARITIME/LOCATOR PROTOCOL 
[From r e f .  2.3 
B i t  












Format f l a g  
Protocol  f l a g  
Country code 
Mar i t ime i d e n t i  f i ca -  
t i o n  d i g i t  
La t i t ude  and l ong i t ude  
BCH e r ro r - co r rec t i  ng 
code 
Nat ional  use o r  
emergency code f l a g  
Automanual a c t i v a t i o n  
Nat ional  use o r  
emergency code 
Long message data 
(op t i ona l  ) 
Number 











Add i t i ona l  i n fo rma t i on  
"0" f o r  sho r t  message and 
"1" f o r  l o n g  message format 
Set t o  "0" f o r  t h i s  format 
Binary equ iva lent  o f  
appropr ia te  3-di g i  t decimal 
number 
Shown i n  deg and min 
"0" f o r  na t i ona l  use and 
"1" f o r  emergency code 
"0" f o r  manual a c t i v a t i o n  
and "1" f o r  automatic 
a c t i v a t i o n  
Four user-set tabl  e b i  t s  f o r  
na t iona l  use o r  f o r  emer- 
gency codes 
Opt ional  data g i v i n g  t ime 
and v e l o c i t y  o f  vessel 
TABLE 111. - UNIQUE DATA I N  406-MHz MESSAGE FOR 8  POSSIBLE USER PROTOCOLS 
[From r e f .  2.1 
TABLE I V .  - INTERNATIONAL 
MARITIME ORGANIZATION 
(IMO) EMERGENCY CODES 
[From r e f .  2.3 
B i t  
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Number 





























B i t  I Descr ip t ion  
D e f i n i t i o n  
Undesi gnated 
F i r e  o r  explosion 
Flooding 
C o l l i s i o n  
Grounding 
L i s t i n g ,  i n  danger 
o f  caps iz ing  
S ink ing  
Disabled and a d r i f t  





Format f l a g  
Protocol  f l a g  
Country code 
User pro toco l  
Data 
Homi ng s igna l  
BCH e r ro r - co r rec t i  ng 
code 
Nat ional  use o r  emer- 
gency code f 1  ag 
Automanual a c t i v a t i o n  
Nat ional  use o r  
emergency code 
Long message data 
(op t i ona l  ) 
aOrbi tography, a v i a t i o n ,  and others.  
Add i t i ona l  in format ion  
"0" f o r  shor t  message and 
"1" f o r  l ong  message format 
Set t o  "1" f o r  t h i s  format 
Binary equ iva lent  o f  
appropr ia te  3-di g i  t decimal 
number 
Speci f i e s  o r b i  tography, 
av ia t i on ,  mar i t ime, s e r i a l -  
i zed o r  t e s t  format (p lus  
th ree spare formats) 
Spec i f ies  which a u x i l i a r y  
homing frequency i s  i ncor- 
porated i n  the beacon 
"0" f o r  na t i ona l  use and 
" 1 "  f o r  emergency code 
"0" f o r  manual a c t i v a t i o n  
and "1" f o r  automatic 
a c t i v a t i o n  
Four user-set table b i t s  f o r  
na t i ona l  use o r  f o r  emer- 
gency codes 
Opt ional  data g i v i n g  l a t i -  
tude and l ong i t ude  of 





No f i r e ,  0, o r  f i r e ,  1  
Nomedical  help,  0, o r m e d i c a l  help,  1 
Not d isabled,  0, o r  d isabled,  1  
Spare .0  












TABLE V I I I .  - BCH (82,61 
Test r e s u l t s  
Operation ( Data b i t  
I n i t i a l i z e c o d e w o r d  1 0  1 ... X X X 
Rotate data word 0 1 X ... X X 1 
060 XOR C20 0 1 X ... X X 1 
S h i f t  code word 0 1 X ... X X 1 
Code word XO! 0 1 X ... X X 1 
pol  ynomi a1 
Rotate data word l X X . . . X  1 0  
060 XOR C20 l X X . . . X  1 0 
S h i f t  code word l X X . . . X  1 0 
Skip XOR operat ion . . . ... . . . 
Rotate code word X X X  ... 1 0 1 
060 XOR C20 X X X  ... 1 0 1 
S h i f t  code word X X X  ... 1 0 1 
CodeXORpolynomial X X X .  . . l  0 1 
80C51 
Fai 1 ed 
Passed 
Fai 1 ed 
Passed 
Fai 1 ed 
Passed 
Fai 1 ed 
Passed 
Switch PROM 




- - - ~~~~~ - 
aTB, temporary b i  t. 
b~~~ encoding polynomial = 1 + x1 + x5 + x 
Data PROM 
Fai 1 ed 
Fai 1 ed 
Passed 
Passed 
Fai 1 ed 







TABLE V I I .  - COMMAND FORMAT FOR ENTERING 
LONGITUDE AND LATITUDE 
E/W East o r  West 
Minutes 1 ongi tude 
Degrees 1 ongi tude 
N/S North o r  South 
Minutes l a t i t u d e  
Degrees 1 a t i  tude I 
I ENCODING ALGORITHM FOR THREE DATA BITS 
Code b i t  
BATTERY 0 
OSCILLATOR 
FIGURE 1. - COSPAS/SARSAT 406-MHz DISTRESS BEACON COMPONENTS. 
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DATA (4 :7 )  
DATA (0 :3)  L 6  ( I N T I )  P3 .3  P2.7 (A15) 
(TO) P3 .4  P2.6 (A14) 
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FIGURE 4. - CONNECTION DIAGRAM OF 80C51 MICRO- 
CONTROLLER (REF. 3) .  DIAGRAM I S  FOR P I N  REF- 








FIGURE 3.  - THREE-CHIP DESIGN FOR 406-MHz EMERGENCY BEACON. 
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FIGURE 6. - MAJOR MODULES AND INTERRUPT ROUTINE OF MAIN 
PROGRAM. 
CLOCK 
FIGURE 7. - BCH (127, 106) ENCODER. 
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FIGURE 8. - BLOCK DIAGRAM OF BCH (82, 61) ENCODING 
ALGORITHM. 
1 START 1 
ESSAGE G 
I I N I T I A L I Z E  I 
END-OF-MESSAGE ADDRESS 
FOR SHORT MESSAGE 
I I N I T I A L I Z E  LC-2 DELAY TO COMPENSATE FOR SHORT MESSAGE ROTATION I 
I INIT IAL IZE  END-OF-MESSAGE ADDRESS FOR LONG MESSAGE I 
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FIGURE 9. - TRAWSMISSION IODULE DELAY LOOPS FOR W I N G  TIMING ADJUSMNTS. 
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FIGURE 11. - JITTER DELAY MODULE ROUTINE FOR 
CREATING DELAY BETWEEN MESSAGE TRANSMISSIONS. 
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